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ABSTRACT 


Background: Stature is one of the most important elements in the identification of an individual. Assessing hand and foot dimen- 
sions for height estimation has always been of immense interest to the anatomist, scientist and forensic experts. The present 
study was carried out to determine the height from the foot length in the population of Saudi Arabia. 


Method: This observational cross-sectional study was conducted among male and female students aged 18-25 years studying 
at College of Medicine, Majmaah University, Kingdom of Saudi Arabia, having no foot deformity, spinal or bony injuries or surger- 
ies. The obtained data were statistically analyzed. 


Results: The mean Stature(cm) of the male was 173.19+5.29, Left Foot length (cm) was 26.0+1.40)and Right Foot length (cm) 
was (26.0+1.52). While the mean stature (cm) of female was 158.56+5.55, Left Foot length (cm) was 23.19+1.14 and Right 
Foot length (cm) was23.19+1.16. Males having significantly higher values than females. Correlation by comparing the Pearson 
correlation coefficient and foot length (FL) showed the relationship in males (r = 0.602, p<0.01) and females ( r=0.629, p<0.01). 


Conclusion: It can be concluded from the study that males have a greater mean value of stature when compared to females. 
It was observed that there is the existence of a direct relationship between the foot length with the stature in both the sexes. 
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INTRODUCTION One of the forensic investigations for identification of an in- 
dividual in the study of Anthropometry. Various parameters 
used for identification are the determination of age, sex, race 
etc. The determination of stature of an individual from skel- 
eton material or the mutilated or amputated limbs or parts of 
limbs has obvious signs in the personal identification in the 
events of murders, accidents or natural disasters as required 


in forensic identification analysis. 


The system of identifying criminals based upon the anthro- 
pometric measurement prevailed as a strategic technique in 
1882 in the field of forensics.’ Since then it has been widely 
applied as an effective tool for forensic identification but 
unfortunately, very less attention has been conferred to the 
study of the human feet and footprints in this field.” In the 
year 1968, Rutishauser first demonstrated that the reliability 
of height prediction from the foot length in humans was sig- 
nificantly higher than from the long bones.* Identification of 
the human beings for legal or humanitarian reasons are per- 
formed by various methods in which the stature constitutes 
a vital element particularly in those involving mutilated, de- 
composed or amputated body fragments due to catastrophic 
events like bomb blasts, earthquakes, terror attacks, mass ac- 





Studies employing hand and foot dimensions for height es- 
timation has been reported by several countries like India’, 
Egypt'®, Mauritius!!!?, Nigeria’* 4, Sri Lanka’, Turkey”? and 
the United States of America.'* The foot size along with the 
other anatomical structures of the body like the head, trunk and 
the lengths of upper and lower limbs is assumed to influence a 
definitive biological correlation with the stature. Rarely, there 


cidents etc. thereby proving that the foot and its segments are 
highly significant for the personal identification in the cases 
of mass disasters.>° 
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height for gauging the ethnic peculiarity among this specified 
population. This study would also assist in the development 
of a regression equation for the estimation of the stature from 
foot length based on its correlation with each other. 


MATERIALS AND METHODS 


This observational cross-sectional study was conducted 
among the male and female students studying at the Col- 
lege of Medicine, Majymaah University, Kingdom of Saudi 
Arabia. The age group of the sample population was in the 
range of 18-25 years. The period of the study was 4 months 
allotted from 1/12/2018 to 31/03/2019. The data was col- 
lected from a sample population of 133 students employing 
complete enumeration probability sampling method. The 
exclusion criteria for the participants enrolled in this study 
were: - 1) pedal deformity or injury, 2) spinal abnormalities, 
3) abnormal heights like gigantism, dwarfism etc., and 4) age 
less than 18 years. Institutional Ethical Committee approval 
was obtained for the study. Data collected comprised of the 
height of the individual (in cm) and the foot length (in cm). 


All subjects examined for: - 


Height measurement: The body height was measured us- 
ing an anthropometer/Stadiometer. Participants were made 
to stand barefoot in the anatomical position and height was 
measured from vertex to floor in centimetres. 


Foot length: The subjects were made to place their foot on a 
white plane sheet and the foot outline was then drawn with 
a sharp-pointed pencil and the anatomical landmarks of the 
foot. The measurement of foot length was recorded in centi- 
metres from the most prominent point on the back of the heel 
to tip of great toe or second toe tip. 


Statistical Analysis 

The data was recorded and then analyzed using IBM SPSS 
25.0. Mean + SD were calculated for normally distributed 
quantitative variables. The normality of the data was ana- 
lyzed through the one-sample Kolmogorov — Smirnov test. 
The person correlation was calculated to study the relation- 
ship between stature and the length of feet. Simple linear 
regression analysis was performed on a different set of the 
variables for studying the relationship predictions. A p-value 
of <0.05 was considered a statistically significant value. 


Ethical Approval 

All procedures performed in this study using human partici- 
pants were done in accordance to the ethical standards of the 
institutional with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. IRB approval 
was obtained from the ethical committee with the approval 
No. 16930/06. 





RESULTS 


In the present study as shown in Table 1 the mean stature of 
the male was 173.19 cm and in female was 158.5 cm. The 
mean left foot length was 26.0 cm in male and 23.19 cm in 
female and right foot length was found to be 26.0 cm in male 
and 23.19 cm in the female. Mean foot length of the male 
was found to be larger than the female. 


In our study in Table 2, there is a strong significant relation- 
ship (r = 0.602, p<0.01) between male foot length and body 
stature. A similar correlation was seen in female stature and 
foot length (r=0.629, p<0.01). In our study, the regression 
coefficient (b) height & foot length in male was 2.13 and in 
female 2.96. 


Table 3 in our study represents the regression equation for the 
estimation of stature from the measurements of feet in both 
the sexes. Worldwide, the regression formulas are accepted 
as one of the most important components for the determi- 
nation of stature from various anthropometric dimensions. 
A computer analysis of the data enabled the calculation of 
regression coefficients ‘a’ and ‘b’, where ‘a’ is the regression 
coefficient of the dependent variable 1.e. stature and ‘b’ is the 
regression coefficient of the independent variable 1.e. foot 
length. Hence, stature = a + box; where x = measurement 
of foot length. The SEE predicts the deviations of estimated 
stature from the actual stature. It was found to be between 
+4.22 for males and +4.41 for females. The correlation co- 
efficient (r) and the coefficient of determination (R2) were 
calculated to be best for females than males. 








DISCUSSION 


The stature of an individual serves as an inherent character- 
istic that varies according to the race and ethnicity.19 Os- 
sification and maturation occur earlier in the foot than in the 
long bones and therefore the stature could be more precisely 
determined in the adolescence age from foot measurement as 
compared to that from the long bones.”° 








The difference in these measurements(Table-1) were found 
to be statistically significant in both the sexes and the find- 
ings were similar to previous studies.”!?* Rameswarapu Babu 
et al in their study on height with foot length showed height 
in male and female participants recorded were 154 to 182 cm 
and 140 to 174 cm respectively with a significant correlation 
between them. Left foot length from 23- 27 cm in male and 
21 to 27 cm in female and right foot length from 22-27 cm in 
male and 21 to 27cm in the female. It shows the positive cor- 
relation coefficients between parameters which were signifi- 
cant indicating that the foot length provides high reliability 
and accuracy in estimating stature of an unknown individu- 
al.” In the Gujarat region (India) in the age group of 14 to 
25 years and they concluded that a fairly good estimation of 
the height can be made using regression equations in either 
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sex.” A study on humans and developed a regression equa- 
tion capable of calculating the height of an individual from 
his foot length and revealed that as the height increased, foot 
length of both male and female also increased.** Cameras 
et al. reported the correlation between foot breadth and foot 
length with 0.42 and 0.70 in males and 0.69 and 0.70 for 
females.” The previous study on the population of Turkey 
proved that the mean height in male was 172.4 cms and in 
female was 162.0 cms. The foot length in male was 25.0 cms 
and female was 22.8 cms. The correlation coefficient(r) for a 
male is 0.696 and female was 0.496 which was significant.”° 


In a Slovakian population study was done and found that the 
mean height in male was 180 cms and in female was 168.3 
cms. The foot length in male is 37.9 cms and female is 38.4 
cms. The correlation coefficient (r) for male was 0.759 and for 
female was 0.722 which was considered significant”. Sanli 
et al.1 6established the relationship between hand length, foot 
length and stature using multiple linear regression analyses. 
Their study sample included 155 adults (80 male, 75 female) 
Turks residing in Adana. They found multiple linear regres- 
sion model for both genders together being the better model 
with multiple correlation coefficient R to be 0.928. 








Thus, the accuracy of stature estimation 1s higher in the case 
of females with similarities to the study by Krishan and Shar- 
ma. The different regression equations derived from differ- 
ent studies revealed that these formulae can be applied only 
to the population from which the data has been collected 
due to the inherent population variation in these dimensions, 
which can be attributed to the influence by genetic and envi- 
ronmental factors like the nutrition, climate etc. 





The different regression equations of different studies 
showed that these formulae apply only to the population 
from which the data has been collected, due to inherent 
population variation in these dimensions, which may be at- 
tributed to genetic and environmental factor like climate, 
nutrition etc. Sen and Ghosh recommended that it would be 
unwise to use the same equations for stature estimation in 
different population groups”. Therefore depending upon the 
availability of the body parts, stature may be estimated using 
linear regression equations with reasonable accuracy. More- 
over, these regression equations are also different in males 
and females because of the difference in gender stature and 
foot length as both parameters have higher values in males 
so necessitating the different regression equations for both 
genders. The ideal study to formulate regression equation for 
all population should be community-based. Moreover, these 
equations cannot be applied for giants and dwarfs. 





CONCLUSION 


This research was focused on the determination of the stature 
and foot length of the Saudi Arabian population and to derive 


a correlative equation that could enable the prediction of stat- 
ure using the foot length among the adult individuals. This 
study, therefore, suggests that the foot length could serve as 
potential parameters for the determination of stature among 
various other ethnic groups. Hence there is a requirement 
for conducting more studies among the people of different 
regions and ethnicity so that stature measurement becomes 
established as a more reliable parameter for identification of 
an individual. 
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Table 2: Descriptive statistics of parameters in both male and female 


Parameter 


Correlation coefficient (r) height & foot lenght 


Regression coefficient (b) Height & foot length 


Value of contant (a) height & foot length 


(mean+SD) (mean+SD) 
20.5-29.0 19.50-29.0 
(26.0+1.40) (26.041.52) 
21-26 20.6-26.3 
(23.19+1.14) (23.19+1.16) 
20.5-29.0 19.5-29.0 
(25.0+1.9) (25.0+1.94) 
VEIG Female Both 
0.602 0.629 0.812 
213 2.96 3.72 
17.7 89.90 75-29 


Table 3: Linear regression formula for body height (cm) from foot length 


Regression equation 





Male BH=17.75+2.13*FL 4.27 
Female BH=89.90+2.96* FL 4.41 
Both BH=75.29+3.72*FL 4.48 


BH-Body height; FL-Foot length 


Co-efficient of determination Adjusted (R2) P-value 
(R2) 
0.363 0.348 0.049 
0.397 0.367 0.045 
0.379 0.356 0.023 
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